Metal powder (Cu) filled Epoxy resin (EP)/Organic-montmorillonite nanocomposites were prepared, where the compounding was carried out by using hardener with filler loadings of 0wt%, 5wt%, 10wt%, 15wt% and 20wt%. Organic-montmorillonite was prepared by using the method of Secondary-intercalating with transition metal ion and cetyl trimethyl ammonium bromide (CTAB) as the modifier. The content of Organic-montmorillonite dispersed in EP system was 3wt%.The effect of filler loadings and incorporation of coupling agent on tensile properties and thermal conductivity are studied. The results demonstrate that, an increase in filler loading is found to increase the tensile strength and thermal conductivity of M filled EP composites. By adding 2% coupling agent, the decrease of tensile strength with increasing filler loadings can be observed in 20%Cu-EP composite. However, the addition of 2% coupling agent in 20%Cu/OMMT/EP composite allowed the increment of tensile strength and assisted in greater increment of thermal conductivity of the composites.
Introduction
Thermally conducting but electrically insulating polymer-matrix composites is increasingly important for electronic packaging because the heat dissipation ability limits the reliability, performance and miniaturization of electronics. In order to produce this kind of materials, ceramic fillers such as aluminum nitride, silicon carbide and alumina is used. That explained why ceramic powder reinforced polymer materials have been used extensively as electronic packaging materials. Nowadays, a large and steadily growing body of published research is available demonstrating the ability of coupling agents to enhance the properties of composites combining a wide range of fillers and polymers.
Montmorillonite (MMT) was one kind of natural nano-layered structural inorganic-padding which took important effect in preparing intercalated polymerization and polymer intercalation. It was one of the reinforcing agents commonly used in polymers system because of its availability and lower cost. In order to obtain superior performance in nanocomposites, the montmorillonite must be exfoliated and dispersed well [1] . It also was the significant part in the intercalated polymerization composites. Naturally occurred layered silicates like montmorillonite have received much attention as reinforcing materials for polymers because of their potentially high aspect ratio and unique intercalation/ exfoliation characteristics [2, 3] .
This work is focused on metal powder and MMT as filler in EP matrix due to its combination of high thermal conductivity, low dielectric constant and low cost. Thus, the research studied the effect of coupling agent addition on the tensile properties and thermal conductivity of EP composite. In addition, the possibility to produce effective thermal conductivity at low filler concentrations is also investigated.
So in our laboratory, Secondary-intercalating organic-montmorillonite was prepared by using transition metal ion and cetyl trimethyl ammonium bromide (CTAB) as the modifier. Epoxy/polyamide system was selected to be the matrix. And thermal-conductive epoxy resin
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Online: 2010-12-06 ISSN: 1662 -7482, Vols. 44-47, pp 3021-3025 doi:10.4028/www.scientific.net/AMM.44-47.3021 © 2011 nanocomposites were successfully prepared by doping the Secondary-intercalating organicmontmorillonite and the metal power into the EP. The transmitting-heat performance and the tensile strength were studied.
Experimental Parts
Materials. Montmorillonite (MMT, Honggui mining Co.Ltd, Lanzhou) [4] , Bisphenol A epoxy resin (Lanxing resin Co. Ltd, Lanzhou), other agents (analytical grade reagent, Chengdu kelong Chemical Reagent Factory).
Preparation of Secondary-intercalating Organic-montmorillonite. This sodium MMT was modified with transition metal ion and organic agent (CTAB) respectively. After the exchange, the Secondary-intercalating organic-montmorillonite (OMMT) was obtained.
The Sodium-montmorillonite was dispersed in distilled water and the solution was heated to constant 80℃. The transition metal ion [Cu(NO 3 ) 2 ] with determined amount was added to the solution under stirring. After the exchange, the transition metal-montmorillonite was centrifugal separated, dried and smashed.
Then the transition metal-montmorillonite was dispersed in distilled water and this solution was heated to constant 80℃. The organic agent (CTAB) with determined amount was added to the solution under stirring. After the exchange, the Secondary-intercalating organic-montmorillonite (OMMT) was centrifugal separated, washed thoroughly with distilled water, dried in oven thoroughly and smashed.
Modification of Thermal-conductive Padding. The metal powder and modifying agent with determined amount was mixed with ethanol in three-meatus flask. The solution was dispersed in ultrasonic for about 30 minutes. Then it was mixed in the temperature of constant 80℃ with the equipment of condensator and circumfluence. After reaction, it was brought to room temperature. The powder was filtered and washed thoroughly with ethanol and dried in oven.
Preparation of thermal-conductive Epoxy Resin Nanocomposites. The epoxy resin was mixed with organic-montmorillonite and the metal powder at 80℃ sufficiently. Polyamide was added under stirring and the solution was mixed uniformly. The result solution was layed in the vacuum oven to make it have no air. Then the well-mixed system was poured into the mould and cured at 60℃ for about 4 hours. The thermal-conductive epoxy resin nanocomposites (Cu/OMMT/EP) was cooled naturally and obtained.
Characterizations. The X-ray diffraction (XRD) patterns were recorded in the range of 2θ = 5-60 by step scanning with XRD-6000 (Shimadzu, Japan). Nickel-filter Cu Kα radiation (λ =1.5401Å) was used with a generator voltage of 40 kV and a current of 30 mA.
The morphology was examined with the JSM-6701F (JEOL) field emission SEM. Tensile strength of the composites was measured using an Instron A G 210 TA testing machine. The specimen size was nominally 80mm in length and 10.0 mm in diameter. Themechanical data were determined from the average of three specimens tested at a tensile speed of 5mm/min. Thermal conductivity of the composites was measured using DRX-I-PB testing machine. The specimen size was nominally 20mm in length and 200.0 mm in diameter. Through-the-thickness and longitudinal thermal conductivity was measured using the model with testing machine. The composite is placed between the models. After the heat flow meter will be utilized to calculate the values of thermal conductivity.
Results and Discussion
Tensile Properties. The contents of filler have a great impact on the tensile strength of Cu powder filled Epoxy resin (Cu/EP) composite. Fig.1 presents the effect of filler content in tensile strength for Cu powder filled Epoxy resin (Cu/EP) composite respectively. Tensile strength of the composite exhibited an increase with increasing filler loading. The overall increase in the tensile strength with increasing filler content is expected since the addition of filler in particle form increases the
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Frontiers of Manufacturing and Design Science stiffness of the composites. Cu/EP composite treated with 2% coupling agent showed the lowering of tensile strength especially at Cu/EP. This is due to couplers also acting as plasticizer in addition to improving filler dispersion. The plasticizing effect of couplers might have reduced the intermolecular forces in the matrix, and consequently produces the reductions in stiffness. However, when the content of Cu is to 20%, the tensile strength of Cu/EP reaches maximum. Apparently, higher filler content would tend to reduce the plasticizing effect of the coupling agent. Fig.2 shows the effect of amount percent of coupling agent on 20% Cu/EP composite. As compared with Cu/EP composite untreated with coupling agent, the Cu/EP treated with coupling agent showed lower value of tensile strength. However, by increasing the coupling agent content up to 5%, the trend can be seen as increasing.
The contents of filler have a great impact on the tensile strength of Cu/OMMT/EP composite. Fig. 3 shows the effect of filler content in tensile strength for modifying Cu powder filled Epoxy resin with the 3% OMMT dosage (Cu/OMMT/EP) composite respectively. The tensile strength of the composite exhibited an increase with increasing filler loading. Cu/OMMT/EP composite treated with 2% coupling agent and 20% Cu content showed the superior of tensile strength especially. Cu concent / % Fig. 3 Tensile strength of Cu/OMMT/EP Fig. 4 Thermal conductivity of Cu/ EP The MMT was usually modified with the organic compound in order to suspend the MMT nanoparticles uniformly in the epoxy resin mixture [5] . The main function of the organic modifier was to provide the cationic substitution reaction in the MMT by the surface sodium ion in the organic compound to produce a barrier to prevent phase separation. To disperse clay particles effectively, epoxy resin has to interact with and adsorb on the surface of clay particles. Since the dispersion ability of clay depends on its hydrophilic structure, the functional groups of the organic compound were adjusted with the hydrophilic onium salt groups in order to effectively disperse the organically modified clay particles with the hydrophobic epoxy structures. As the filler size enters the nanoregion, the volume fraction of the interaction region in the nanocomposites increases with the increasing interface area of the polymer and nanofillers. This becomes the basis for potentially tremendous changes in the nanocomposite properties [6] .
The organic montmorillonite was prepared by using the organic modifier. Table 1 shows the XRD data of crude MMT, Na-MMT, CTAB-MMT, and CTAB-Cu-MMT. We can see from table 1 , the diffraction peak occurred at the point of 2θ = 6.24 º, 5.12 º, 4.38 º and 2.72 º, respectively. The basal spacing (d 001 ) was calculated from Bragg's law: d = λ/ (2sinθ) at peak positions. The dspacing of the clays were found to be 1.415 nm, 1.724 nm, 2.016 nm and 3.244 nm for the crude MMT, Na-MMT, CTAB-MMT, and CTAB-Cu-MMT, respectively.
There is a strong diffraction peak for the organically modified clays. The interlayer spacing of CTAB-Cu-MMT clays was found to be higher than the crude MMT and Na-MMT clays. The increase in the interlayer spacing of OMMT was due to the presence of alkylammonium and transition metal ions at gallery regions. So it showed that the lower the loading of CTAB-Cu-MMT the better dispersion in matrix. Thermal conductivity. Fig. 4 shows the effect of filler loadings and the addition of 2% coupling agent on thermal conductivity of Cu/EP composites. As expected, the thermal conductivity for Cu filled EP composites increase with increasing filler loading. The thermal conductivity of Cu is much larger than that of EP, so the addition of Cu filler to the EP matrix will result in an increased in the thermal conductivity of the composite. For the increase of thermal conductivity as increasing filler loadings, the reason may be because at higher particle content, the filler tends to form agglomerates and conductive chains resulting in a rapid increase in thermal conductivity [7] . The increase in thermal conductivity is also due to the decrease in the filler-matrix thermal contact resistance through the improvement of the interface between matrix and particle. This explains why sample 30% Cu/EP showed the highest thermal conductivity value among the other samples. Fig. 6 Thermal conductivity of Cu/OMMT/EP Cu/EP composite treated with coupling agent demonstrate an increasing in thermal conductivity with increasing filler loadings (same trend as untreated one). However for the treated composites, the significant increments of thermal conductivity can be clearly seen to EP added with 5% Cu while for EP added with 10%, 15%, 20% and 30% Cu filler showed a slight decrease in thermal conductivity compared to untreated one. Apparently, the coupling agent is only assist for the low weight fraction filler (10%Cu) composite. By considering only for 20% Cu/EP composite, the experiment continued for determining the best amount fraction of coupling agent, which can give the highest value of thermal conductivity for the composite. Fig. 5 shows the result.
It can be seen that the best composition of coupling agent that produce the highest thermal conductivity in 20%Cu/EP composite is 5%. This result can be related with the effect of coupling agent. The addition of coupling agent enables the matrix to form stronger bonding with the filler
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Frontiers of Manufacturing and Design Science forming a 'molecular bridge' between the two, preventing gap where air can trapped at the interface and enhanced heat transfer between the matrix and the filler at the interface. Coupling agent can enhance the dispersion of the fillers and the compatibility between the resin and the filler, then improve the thermal conductivity ability of the polymer composites. Fig. 6 shows the effect of filler content on thermal conductivity for modifying Cu powder filled Epoxy resin with the 3% OMMT dosage (Cu/OMMT/EP) composite respectively. The thermal conductivity of the composite exhibited an increase with increasing filler loading. Cu/OMMT/EP composite treated with 2% coupling agent and 30% Cu content showed the superior of thermal conductivity especially.
Comparison between SEM micro-appearance of tensile fracture surface of different Cu concent EP/Cu/OMMT composite is shown in Fig. 7. Fig. 7a shows the poor dispersion of filler due to weak filler-matrix interaction while Fig. 7b shows better filler dispersion in matrix and better wetting by matrix caused by the addition of coupling agent. a) EP-20%Cu-OMMT b) EP-30%Cu-OMMT Fig. 7 SEM micrograph of composites
Conclusions
Tensile properties and thermal conductivity of Cu filled EP/OMMT composites increased with increasing filler loading. Appropriately used, coupling agents create significant improvements in the properties of Cu filled EP composite. 2% of coupling agent is able to produce good dispersion of filler in the 20%Cu/EP composite system and 20%Cu/EP/OMMT, increase the thermal conductivity, while maintaining reasonable tensile properties. This research proved that there is possible to increase thermal conductivity of polymer composite even at low metal powder filler concentrations.
